
Air Photo Interpretation

Week 7: Digital Air Photo Interpretation; ERDAS 

Imagine



Last Time

ÅVertical Measurements: Parallax and the 

Parallax Bar

ÅTake-home exam



This Time

ÅWhy digital air photo interpretation?

ÅDigital image basics

ÅReview of data types (tfw, MrSID, jpeg, 

etc.)

ÅSoftware: ERDAS Imagine

ÅWorkshop



Why digital air photo interpretation?

ÅHumans are adept at visually interpreting data, BUT; 

ÅThere are limits to a person's ability to distinguish 
small differences in color. 

ÅHuman interpretations are highly subjective, hence, not 
perfectly repeatable. 

ÅWhen very large amounts of data are involved the 
computer may be better suited to managing the large 
body of detailed data. 



Why digital air photo interpretation?

ÅEverything that you can do with analog (paper) aerial 
photography interpretation, you can do digitally.

ÅMore kinds of analysis can be done digitally than can 
be done with analog

ïTexture analysis

ÅThe processes of manual image interpretation and 
digital image interpretation are similar in many ways. 
The goals of analysis are often the same, though the 
procedures may vary.

ÅDigital air photos are easily incorporated into GIS, 
which opens enormous possibilities for analysis and 
display.



Digital Image Fundamentals

50 44 23 31 38 52 75 52

29 09 15 08 38 98 53 52

08 07 12 15 24 30 51 52

10 31 14 38 32 36 53 67

14 33 38 45 53 70 69 40

36 44 58 63 47 53 35 26

68 76 74 76 55 47 38 35

69 68 63 74 50 42 35 32



Picture Element  (pixel)

ÅEach picture element in the 

array is called a pixel.

ÅEach pixel is represented by 

a number.

50 44 23 31 38 52 75 52

29 09 15 08 38 98 53 52

08 07 12 15 24 30 51 52

10 31 14 38 32 36 53 67

14 33 38 45 53 70 69 40

36 44 58 63 47 53 35 26

68 76 74 76 55 47 38 35

69 68 63 74 50 42 35 32

3535
The ñ35ò could represent a color, or a gray level

0                                            255



Charge Coupled Device (CCD)

ÅCCD replaces AgX film

ÅBased on silicon chip

ÅDisadvantages vs. AgX:

ïDifficulty/cost of CCD manufacture; large 

arrays are VERY expensive

ïMaturing technology; but still rapidly changing
Light Sensitive Area



Basic structure of CCD

Divided into small elements called pixels 

(picture elements).

preamplifier

Image Image 

Capture Capture 

AreaArea

Shift Register 

Per-Pixel

Voltageout
Columns

Rows



Magnified View of a CCD Array

Individual pixel element

CloseClose--up of a CCD Imaging Arrayup of a CCD Imaging Array

CCD



Spatial Sampling

ÅWhen a continuous scene is imaged on the array (grid) 

formed by a CCD , the continuous image is divided into 

discrete elements.

ÅThe picture elements (pixels) thus captured represent a 

spatially sampled version of the image.  

Scene
Grid over scene Spatially sampled scene



Quantization

ÅSpatially sampled image can now be turned into numbers 

according to the brightness of each pixel.

ÅNumber of possible values at each pixel is quantization.

Spatially sampled scene
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RAW Digital Images (Bayer Filtering)

Fully interpolated red, green, blue images... lead to a color image.

These images are stored as a single image and constitute the 

ñRAWò digital image.  



Image quality factors

ÅTwo major factors which determine image quality are:

ïSpatial resolution -- controlled by spatial sampling.

ïColor depth -- controlled by number of colors or grey levels 

allocated for each pixel (8-bit = 28 = 256 levels; 24-bit = 224 = 

16,777,216 levels)

ÅIncreasing either of these factors results in a larger image 

file size, which requires more storage space and more 

processing/display time.



Image Resolution vs. File Size

100 x 100 pixels50 x 50 pixels 25 x 25 pixels 12 x 12 pixels

6 x 6 pixels 3 x 3 pixels 2 x 2 pixels 1 x 1 pixel

Dimension 

of the image

100 x 100

50 x 50

25 x 25

12 x 12

6 x 6

3 x 3

2 x 2

1 x 1

File size 

In bytes

10,000
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36

9

4

1

Each pixel in these example is 8-bit.



Bit Depth vs. File Size

256 levels 128 levels 64 levels 32 levels

16 levels 8 levels 4 levels 2 levels

Number of 

Gray levels
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1250

Each image is 100 x 100 pixels.



File Size Calculation

100 pixels

100 pixels

Bit depth = 8 bits per pixel (256 gray levels)

File size (in bits) = Height x Width x Bit Depth

80,000 bits = 100 x 100 x 8 

bits/pixel

80,000 bits or 10,000 bytes

ÅHow much memory is 

necessary to store an image 

that is 100 x 100 pixels with 

8 bit per pixel bit depth?



In comparison . . . 

Å How much memory is necessary 

to store an image equivalent to a 

35mm B&W film? 

Å The grain size for a typical 

negative is approximately 10m 

per pixel. 

35mm

22mm

Å The approximate equivalent bit 

depth for todayôs emulsions is 8 

bits; therefore, a frame of B&W 

35mm film would require about 

7.7 megabytes per image.

(22 mm x (1/0.01mm per pixel) x 

(35 mm x (1/0.01mm per pixel)

= 7,700,000 pixels 



Computer Memory & Storage

0 0 0 =  0

0 0 1 =  1

0 1 0 =  2

0 1 1 =  3

1 0 0 =  4

1 0 1 =  5

1 1 0 =  6

1 1 1 =  7

.  .  . =   .

ÅWe started to look at the bits as tokens to 
represent different values, but we ended 
up with a binary counting system.

ÅThe largest number we can count to (and 
the number of different gray levels we 
can have) depends on how many bits we 
use.



Binary Arithmetic

Å In binary arithmetic, we can only count from 0 to 1 

before we have to ócarryô

Å Two bits allows four grayscale codes:  Note that the 

code changes; the meaning of ó1ô changes from 

white to dark gray.

0

1

10

11

binary

0

1

2

3

decimal

1 bit

2 bits



Binary Arithmetic

Å In binary arithmetic, we can only count from 0 to 

1before we have to ócarryô

Å Two bits allows four grayscale codes:  Note that 

the code changes; the meaning of ó1ô changes 

from white to dark gray.

Å Three bits allows eight grayscale codes:  The 

code changes again:  ó1ô is now almost black.
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Binary Arithmetic 0
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Å In binary arithmetic, we can only count from 0 to 1

before we have to ócarryô

Å Two bits allows four grayscale codes:  Note that 

the code changes; the meaning of ó1ô changes from 

white to dark gray.

Å Three bits allows eight grayscale codes:  The code 

changes again:  ó1ô is now almost black.

Å é



Computer Memory & Storage

0 0

0 1

1 0

1 1

2x2 = 4 gray levels
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Computer Memory & Storage

3 bits/pixel:  8 gray levels

000  111

(0  7)

4 bits/pixel:  16 gray levels

0000  1111

(0  15)



Computer Memory & Storage

5 bits/pixel:  32 gray levels

00000  11111

(0  31)

8 bits/pixel:  256 gray levels

00000000  11111111

(0  255)



Review of data types 

(tfw, MrSID, jpeg/jgw, etc.)

ÅAll image formats work

ÅSome image formats can have geographic 
coordinates.

ïJpeg - Joint Photographic Experts Group. 
(Lossycompression algorithm)

ïTiff ( Geotiff) - Tagged Image File Format 

ïMrSID - MultiresolutionSeamless Image 
Database (Lossless wavelet compression; 
Lizard Tech.)



ñWorldò Files: .tfw, .jgw, .pgw, 

.bpw, etc.
Å ATFW, JGW, PGW, BPW, etc. are the georeference('World') files for 

raster images in TIFF (.TIF), JPEG (.JPG), PNG (.PNG) or BMP (.BMP) 
file formats.

Å GIS software can use these 'World' files directly to place the inserted 
raster images automatically.

Å A TFW/JGW file has the same filename as the main image file, e.g. 
imagename.tif has the file imagename.tfw:

1.50000000000000 (X scale, pixel size in meters)

0.00000000000000 (affinity - Y-scale in X dir.)

0.00000000000000 (affinity - X-scale in Y dir.)

-1.50000000000000 (Y scale)

1934001.50000000000000 (X coordinate of the upper left pixel)

1187698.50000000000000 (Y coordinate of the upper left pixel)

NOTE: Some formats use an .aux file instead of a world file.



Software: Primer for ERDAS Imagine

ÅIndustrial standard for 

remote sensing/aerial 

photography work.

ÅFewer people trained in 

Imagine than ArcGIS

ÅIncludes Leica

PhotogrammetrySuite 

(LPS) {not used in this 

class}


